sound as a postharvest treatment. Ultrasound effects were examined on the viability of codling moth eggs or for removing external pests from fruit surfaces.
Materials and methods

TREATMENTS.
Ultrasonic treatments were conducted in the laboratory using a ultrasonic cleaner (ADC 5002; Bransonic Cleaning Equipment Co.; Shelton, Conn.). The apparatus operated at 50/60 Hz, 117 V, and 1.0 amperes. Fruit, infested with surface pests listed below, were treated submerged for various times in a bath of distilled water [2.1 qt (2 L)]. To determine if detergent enhances the effectiveness of ultrasound, Ultra Dawn Dishwashing Detergent (Procter and Gamble; Cincinnati, Ohio), a nonfood grade surfactant, was added at a rate of 0.0064 oz/gal of water (0.05 mL·L -1 ); this material was selected to represent detergents as a category and can not be used under packing house conditions. Controls were indicated by 0-min treatments. All surface pests, except scales, were treated on organically grown 'Delicious' apples. Scale insects were obtained on fruit from a feral apple tree of unknown lineage.
INSECTS EXAMINED. Eggs of the codling moth were obtained from adult females, reared from an established colony (USDA-ARS, Yakima Agricultural Research Laboratory, Wapato, Wash.), ovipositing on apples. When eggs reached blackhead stage, they were counted, then treated for 0, 15, 30, or 45 min. Each apple was treated separately to prevent eggs from being rubbed off by adjoining fruit. The total number of eggs per treatment ranged from 50 to 80. Eggs were held at 25 °C (77 °F) for about 1 week, then the number of hatched eggs counted. The test was replicated three times.
Nymphs and adults of the western flower thrips were obtained by sweep netting in an alfalfa field (Washington State University Experimental Farm, Prosser, Wash.). In the laboratory, the insects were placed in cylindrical cardboard containers [6.5 inches diameter × 6.25 inches height (16.5 cm diameter × 15.9 cm height)], each containing five apples, and the insects were allowed to disperse during the night. Each apple was treated separately for 0, 1, 5, 10 min or for 10 min with detergent treatment. Immediately after treatment, each apple was placed in a separate plastic bag, frozen, then the number of thrips in the bag were counted the next day. Test sets with controls having less than 10 thrips before treatment were rejected because of insufficient number of insects. This test was replicated 11 times.
A laboratory colony of the twospotted spider mite was established using seedlings of the pinto bean (Phaseolus vulgaris). Apples were infested with adult mites by placing the apples on the bean plants and allowing the mites to crawl onto the fruit overnight. The miteinfested apples were subjected to the same treatments as the thrips. After treatments, apples were placed in separate bags and frozen. Efficacy was determined by counting the number of mites in the bags. This test was replicated seven times.
Apples from the field, infested with san jose scale, were separated into five groups, each with roughly the same number of insects. Ultrasound treatments were 0, 1, 5, and 10 min, and 10 min with detergent. Three days later, the scales remaining on the apples were counted according to treatment. This test was replicated five times.
DATA ANALYSIS. Data were analyzed with the Statistical Analysis System (SAS Institute, 1989). PROC MEANS was used for data summary. Nonparametric tests were used to determine significant differences by first arranging data by PROC RANK, then conducting the equivalent to the Kruskal-Wallis k sample test by using PROC GLM with LSD means separation (SAS Institute, 1989; Zar, 1974) .
Results and discussion
Throughout this study, no apparnis), and 70% of the sweet cherries (Prunus avium) in the U.S. Exports accounted for about 30% of the Pacific northwestern apple market in 1997, 35% of the winter pear market, and 32% of the sweet cherry market. Certain arthropods that occur on the fruit exterior, such as thrips (Thysanoptera) and mites (Acari), are important quarantine pests. For example, recent shipments of apples were halted at Brazilian ports on suspicion of having prohibited species of thrips or mites. Furthermore, mealybugs (Homoptera) and scales (Homoptera) may cause problems when encountered by inspectors on fruit intended for export.
Regulatory changes involving chemical treatments and international concern about the introduction of new pests demand that innovative methods be examined to assist in the phytosanitation process. These methods should be compatible with existing operations, simple, and inexpensive. Hence, the packing line can be improved by incorporating procedures to prevent the introduction of unwanted pests.
Ultrasound or other forms of mechanical disturbance may have application for disinfesting fruit of quarantine pests. Ultrasound is produced by a transducer containing a ceramic crystal; a short pulse (about 100 ns) of voltage is converted to a short sound pulse (1 s) at the fundamental frequency of the transducer (Cartwright, 1997) . In a liquid, alternating high and low pressure waves generated by the high frequency sound causes the rapid formation and collapse of millions of tiny bubbles, which is called cavitation (Sala et al., 1999) . Commercial ultrasound equipment uses energy released by cavitation to clean surface structures. Sometimes a cleaning agent is added to increase efficacy. Furthermore, the use of ultrasound is detrimental to a variety of organisms. It has been shown to lyse cells in leaves of a pond weed (Elodea sp.) (Carstensen et al., 1990b) , kill larvae of vinegar flies (Drosophila sp.) (Carstensen et al., 1990a , Child et al., 1992 , and break chromosomes in drosophilid larvae (Tsaka, 1982) .
Commercial ultrasound devices are made according to a range of specifications for a variety of uses, from cleaning jewelry to aging liquors (Sala et al., 1999) . The purpose of this study was to investigate the use of a simple cleaning unit to indicate the potential of ultra- ent injury or phytotoxicity was observed on the fruit due to the ultrasound exposures, even for the longest durations. Cavitation occurs in the water bath but probably does not extend into the fruit epidermis (Hansen et al., 1992; Hayes et al., 1983) . Furthermore, no appreciable heat was detected by the operator on the fruit or in the bath water during any of the exposures. These promising results suggest that large amounts of fruit could be treated simultaneously in a commercial setting without causing phytotoxic effects, but further examination of appropriate large-scale ultrasound machines is necessary.
Codling moth egg hatch was affected by duration of ultrasound exposure (Fig. 1 ). Significant differences in percent hatch were found among the treatments (F = 12.39, df = 3,8; P < 0.01). However, even at the longest duration (45 min), average mortality was less than 60%, with no apparent egg removal. Ultrasound treatment would be impractical for treating only codling moth eggs, but further evaluations are needed on the effect on eggs of other species. Also, more powerful machines may increase efficacy.
Both the mites and thrips were adversely affected by treatments (mites: F = 12.09, df = 4,30; P < 0.01; thrips: F = 10.67, df = 4,50; P < 0.01). Removal of the pest from the fruit surface was directly related to time of exposure ( Table 1 ). The detergent treatment further impacted removal, particularly for spider mites. The 10 min treatment duration may be too long in a commercial packing line, but may be practical as a holding treatment for those lots that have field infestation problems. The ultrasound treatments were ineffective against san jose scale (F = 2.19, df = 4,20; P > 0.05) based upon presence immediately after treatment. Even the detergent treatment did not contribute to mortality (Fig. 2) . Scales are uniquely structured insects, and perhaps the cuticle minimizes the effect of cavitation. Perhaps a more powerful ultrasound unit could remove the scales from the fruit surface.
Ultrasound shows promise as one of the methods to contribute to assuring pest-free product for export. The practicality of implementing ultrasound in a commercial setting deserves further examination. For example, ultrasound treatments could be incorporated in a dip within the packing line. As a component of the Systems Approach (Jang and Moffitt, 1994) , ultrasound treatments can help eliminate some surface pests where the commercial postharvest process has a cumulative effect in phytosanitation. Ultrasound units more powerful than the one tested in this study may have the capacity to eliminate scales and eggs on the fruit surface. Finally, the ultrasound treatments could be used with organic fruit without jeopardizing their organic labeling.
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